Hydroponic System is a system in which farmers cultivate different plants without utilizing the soil. The authors have proposed IoT system that monitors and controls all parameters of hydroponic system like water level, pH, humidity and temperature through mobile application. In proposed system, the authors have used an ESP32 micro-controller that is controlled pump. The pump will draw water from a reservoir which is connected to a regular water line. If the water level of the reservoir falls down to a certain level, the system will send an SMS to the Farmer. The farmer can control the water line and make the reservoir full by mobile application. An LDR and DHT11 humidity sensor is used to control the light and temperature of the farm. In system, we also used pH sensor where pH sensor is a scientific instrument that measures the hydrogen-ion activity in water-based solutions and indicating its acidity or alkalinity expressed as pH.
Introduction

Research Background
Nowadays agriculture is largely dependent on soil and its nutrition contents. But due to global warming and globalization, the availability of soil for agricultural purpose is decreasing and this hampers the production of different plants. Also, fertilizers and pesticides are needed to use to get a better crop which is also damaging the environment. To solve these problems, hydroponics can be used in agriculture. Hydroponics is a method of growing plants without soil and instead How to cite this paper: Ullah, A., Aktar, S., Sutar, N., Kabir, R. and Hossain, A. 143 Intelligent Control and Automation using mineral nutrient solutions in a water solvent. The word "Hydroponics" itself is an amalgamation of two Greek words: "Hydro" meaning water and "Ponics" meaning to work. Using hydroponics, terrestrial plants can be grown with only their roots exposed to the nutritious liquid, or the roots may be physically supported by an inert medium such as perlite or gravel [1] . The nutrients used in hydroponic systems can come from an array of different sources, including (but not limited to) byproduct from fish excrement, duck manure, or purchased chemical fertilizers. Through careful manipulation and management of the plant growing environment which includes the amount of water, the pH levels and the combination of specific nutrients, plants can be encouraged to grow faster. Hydroponics is a less wasteful approach including reduced waste, preservation of water stocks and a diminished reliance on pesticides, fertilizers and other potentially harmful materials. The net impact is an expanded surrender and progressed utilize of assets. Plants commonly developed hydroponically incorporate tomatoes, peppers, cucumbers, lettuces, and cannabis. The web of things, or IOT, could be a framework of interrelated computing gadgets, mechanical and advanced machines, objects, creatures or individuals that are given with interesting identifiers and the capacity to exchange information over an organization without requiring human-to-human or human-to-computer interaction. Implanted with gadgets, web network, and other shapes of equipment such as sensors, these gadgets can communicate and connecte with others over the web, and they can be remotely checked and controlled. These advantages of IOT have inspired scientists to use the technology in different aspects of our day to day life.
Due to limited resources, farmers need to produce more with less resource and without hampering the environment. So, more people are trying to set up hydroponics farm, since it does not require a large area and there is a very minimal need of water in the cultivation process. Using hydroponics with IOT can be an efficient way to produce maximum crops with reduced environmental impact and resources. Horticulture IOT arrangements permit agriculturists to use sensors, shrewd doors, and observing frameworks to gather and analyze data and make more educated choices. The rise of IOT has permitted ranchers to computerize the hydroponic horticulture handle to a certain degree. From keeping up the water temperature to a certain level to robotizing the supplement blending, each single handle can be done by means of this imaginative innovation [2] .
Objectives
To design and develop an IOT based smart vertical hydroponic farm to solve the challenges of modern farming and to develop agriculture with minimum resource utilization.
Justification of Study
A conventional cultivating employment soil and takes a longer time to break [3] . A few of the preferences of IOT based hydroponics ranches are given underneath:
• All year-round trim production 
Scope of Study
Due to climate change, the availability of cultivable land is decreasing day by day. So, an alternative way of cultivation is needed to overcome the situation.
Hydroponics gives people that opportunity to cope with the environmental change. Now-a-days farmers in many modern countries are trying to cultivate using the knowledge of hydroponics. As the height of the sea level is increasing day by day, many cultivable lands of Bangladesh will be gone under water in the future. So, the land available to grow crops will be diminished drastically. Then hydroponics can be the best alternative for farmers to cultivate. Also, every year Bangladesh gets swept away with floods. In the flood affected areas, farmers cannot grow any crops and wait for the governmental help to feed themselves.
Instead they can grow crops on water using the knowledge of hydroponics and support themselves during the disastrous times. In normal times, a farmer can double his profit by both cultivating his land and other watery areas he possesses. There are also some lands which cannot be cultivated i.e., hilly areas. By creating small swampy area, people can grow different kinds of crops using the knowledge of hydroponics.
Literature Review
Vertical Cultivating into urban communities has extended. Vertical developing could be a creating vegetable vertically by unused green procedures, which joins the structure of structure and farms all together in a lifted structure interior the urban areas. This development ought to be appearing both within the rustic framework and auxiliary advancement together, in any case, small has been dis- The examination induced that the VFH development is palatable to most onion farmers aside from the portion of the cost of starting hypothesis which needs government gift for the standard onion cultivator to benefit of this unused and down to earth advancement in onion era [8] .
The Vertical Cultivating is the impelled degree of agribusiness advancement where this must be cleaned when there's blocked off of arrive and diverse prerequisites for the perfect structure of developing mode, this is the other way or approach within the moved level and this paper deals the method, gathering technique, water the officials and collect advancement and yielding strategy. Besides, a few of standard limitless resources are utilized, for example, windmill, sun arranged and so forward, where these are not just like the conventional green method, a parcel of diverse hones must be for the extraordinary yielding procedure [9] .
The apex was expecting to go supplement wealthy water through two hydroponic systems, stream and supplement film framework at that point return the water back to the store. The apex will develop 5 unmistakable plant collections.
Appraisals have been done on the rise, system sort, and collect sort to choose the foremost productive [10] . 
Methodology
This project is about hardware and software application based. It has followed some features and presented its own methodology with its own strategy.
Following Figure 1 shows a diagrammatic representation of different phases of this project methodology.
Design and Development
Circuit Diagram
The main aim of this project is making an advance IOT base hydroponic System.
To make this project authors are designed following Figure 2 . 
Description of Circuit Diagram
Firstly, on the circuit an LCD is connected to ESP32 microcontroller. SCL and SDA of the LCD 12v system are connected to ESP32 through data pins D22 and D21 respectively. Two resistors R8 (4.7 K) and R9 (4.7 K) are used here for pull up. Secondly, an LDR is connected to data pin D19 of ESP32 board and a resistor R7 (10 K) is used for pull down. Thirdly, there is a buzzer in the circuit for alarm system. The negative pole of the buzzer is connected to the ground of ESP32 through VIN pin and positive pole is connected to D4 pin of ESP32. The D4 pin has been pulled down by a resistor R6 (1 K). For the buzzer, a T1 2N2222 amplifier is used to amplify the sound. Fourthly, a DHT11 censor is used in the system which is connected to ESP32 through D15 pin. Fifthly, there is a water level censor here which is connected to D34 pin of ESP32 board. The negative pole of the water level censor is connected to the ground of ESP32 through a GND pin and positive pole is connected to 3.3 V pin of ESP32. Sixthly, there are 4 buttons (S1, S2, S3 and S4) used in the system for the controlling of different devices i.e., S1 for fan, S2 for nutrient pump, S3 for lighting system, and S4 for water pump. These 4 buttons are connected to ESP32 through 4 pins: S1 through D35, S2 through D32, S3 through D33 and S4 through D25. To pull down these pins, 4 resistors are used: R1 (10 K) for D35, R2 (10 K) for D32, R3 (10 K) for D33 and R4 (10 K) for D36. Seventhly, a 4 channeled (ln1, ln2, ln3 and ln4) relay is used in the system which is connected to ESP32 through 4 pins: ln1 through D27, ln2 through D14, ln3 through D12 and ln4 through D13. Two pumps, one fan and a lighting system are connected to the relay each of which has a potential of 12 V.
Block Diagram of Proposed System
Description of the block diagram There are three main parts in the below Figure 3 of a vertical hydroponics Intelligent Control and Automation farm: sensor interface, microcontroller and hardware. In the sensor interface section, there are four sensors: pH sensor, water level sensor, air temperature and humidity sensor and light sensor. This sensor interface section is connected to ESP32 microcontroller through GPIO port. A four-channeled relay is also connected with the ESP32 microcontroller. Hardware section consists of a fan, a nutrient pump, a lighting system and a water pump. The hardware components are connected to the four-channeled relay as an output. There is a display connected to the ESP32 microcontroller. By using a router gateway, data can be stored in a cloud server. By using a mobile application, the data can be shown on the display and the owner can control the hardware components with his/her mobile phone.
System Architecture of Proposed System
Description of the system architecture diagram The below Figure 4 shows Voltage is given by adaptor in hydroponics and automated control system. Automated control system is connected with hydroponics system. The input of automated control system is shown by the output of hydroponics system. The router get way connected is connected with automated control system we can control hydroponics system and given instruction by smart phone through cloud server.
Work Flow Diagram of Proposed System
The following Figure 5 shows working flow diagram of proposed system.
Result and Discussion
Device Prototype
After completing the connection of all devices (Water level sensor, pH sensor, DHT11 Temperature and Humidity sensor, LCD Display, LDR) with the Arduino IDE, authors are taken a image by the mobile phone that shows in following Figure 6 .
Mobile Application View
The authors design mobile application according to following Figure 7 where showing device id that is unique to identify the IoT device. The above mobile application also shows current information of Humidity, temperature and pH. The user can switch off or on according to Humidity, temperature and pH value.
Readings Real Time Data from Sensors of Proposed IoT Device
In following Table 1 shows real time sensor data.
Graphical Representation of Real Time Sensor Data from Hydroponic System
The following Figure 8 shows measurement of different sensors data. 
Conclusion
Conclusions
Hydroponics can give people the ability to grow crops in any areas with a less expensive and efficient way which has a low impact on the environment. And using hydroponics with IOT can definitely make the cultivation more convenient for the farmers by turning every process in the farm automated and precise. In this project authors have developed a vertical hydroponic system using the concept of IoT. The authors proposed that IoT device can control and monitor Hydroponic system. The proposed hydroponic system can work smoothly on each environmental factor and system has been showed good performance under the setting condition.
Limitations
Nutrient sensor could be used for mixing water and nutrition.
Future Works
In future authors will use nutrient sensor for better quality of water in hydroponic system. The water in a hydroponic framework must be supplement improved. Supplement enhanced water ought to be closely observed to guarantee that supplement levels are not as well moo (repressing development) or as well tall (possibly toxic).
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